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CLIMATE OR TECTONICS? 


SOME REMARKS ON THE EVOLUTION OF THE VALLEY OF THE ORONTES (NAHR EL 
AASSI) BETWEEN HOMS AND THE MARSHY PLAINS OF THE GHAB (SYRIA)! 
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RESUME 


L’auteur donne une description du cours moyen 
du fleuve Oronte (Nahr el Aassi) entre Homs et 
les plaines marecageuses du Ghab. Sur presque 
tout ce parcours: existent des grands meandres 
profondement encaisses. On trouve sur 100 km au 
fond de la vall&e une plaine alluviale. La riviere 
a erode son lit actuel dans ces alluvions, tout en 
formant de nombreux me&eandres et de lacets de 
taille beaucoup plus reduite. L’existance est de- 
montr& d’une large vallee remblay&e en dessous 
du lit actuel de l’Oronte. L’auteur ne veut pas 
exclure la possibilite que des mouvements tectoni- 
ques aient jou&e un röle dans ces phases alter- 
nantes d’erosion et des remblaiement. Mais des 
arguments sont evoques, indicant que des varia- 
tions du climat et par la suite des variations im- 
portantes du debit du fleuve ont joue un röle 
preponderant. Le regime de l’Oronte differe sen- 
siblement de celui de beaucoup de fleuves et 
d’oueds des pays arides A cause du röle regulateur 
du Lac de Homs ainsi que des grandes sources 
vauclusiennes, issues des massifs calcaires libano- 
syriens. L’absence d’une chronologie precise des 
differents cycles de developpement de la vallee de 
l’Oronte empeche encore le rapprochement avec 
les observations faites en Palestine ou sur le 
littoral. 


INTRODUCTION 
The past climate of the Levant since the 


1 Published by permission of the Netherlands 
Engineering Consultants NEDECO at the Hague. 


2 Mineralogical Geological Institute Utrecht. 


Miocene, especially the pleistocene climate, 
has been the subject of much discussion and 
speculation (Shalem, 1950; Picard, 1952; Zeu- 
ner, 1952 a; who all give fairly complete 
reports on the subject). Many of the observed 
data have been described from the Jordan 
valley and from other parts of Palestine. 
Other data have been gathered along the 
coastal area of Palestine and the Lebanon and 
Syria (Ewing, 1947, 1951; Wetzel et Haller, 
1948; Reed, 1949; Shalem, 1950; Wright, 1951; 
Picard, 1952; Zeuner, 1952 a, 1952 b). The 
facts have been explained by several authors 
on a different basis with respect to their 
meaning as climate indicators of these periods. 
Some theories suggest the occurrence of wide- 
spread climatie variations with well marked 
pluvial periods (Ewing, 1947, 1951; Wetzel et 
Haller, 1948; Reed, 1949; Wright, 1951; Picard, 
1952 and earlier papers; Zeuner, 1952 a, 1952 
b). Others assume local factors conditioned by 
tectonic movements and their influence on the 
morphology of the country, which resulted in 
local abundance of water, while the overall 
climate remained the same (Shalem, 1950). 
This local abundance of water, superpösed on 
a levantine climate without major variations, 
fully explains, according to the las mentioned 
author, the observed local variations in the 
development of the streams, the extension of 
the lakes and the associated variations in 
vegetation and fauna. 

Other regions in the Levant have been 
studied less well. Almost no observations 
have been recorded from the very important 
valley of the Orontes (Nahr el Aassi). Ob- 
servations made by me in 1952 in the valley 
of the Orontes between Homs and the plains 
of the Ghak, as well in the marshes of the 
Ghab are presented. Only the comparison of 
data from different regions and from different 
drainage-areas can lead to a justified choice 
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Fig. 1 — Middle course of the Orontes (Nahr el Aassi), generalised topographical map. 
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Fig. 2 — Generalised geological map of the region of the middle course of the Orontes/Nahr el Aassi (modifed after Dubertret, 1945 and 1952). 


FRrGENEr 


Jurassic: blue and gray limestones and 
dolomites. 


Middle Cretaceous:gray and white lime- 
stones and dolomitic limestones. 


Upper Cretaceous: white marls.chalk- 
marls and marly limestones. 


Eocene:inthenorth lightcoloured lime- 
—te=H4 stones and white marls:in the Rastane 
area white marls and chalk- marls. 


2] Miocene:lightcoloured limestones and 
== |ightcoloured marls. 


Continental Upper Miocene and Pontian: 
1.white,gray and red lacustrine marls, 
sandy marls and marly limestones. 


? 2.coarse red-coloured conglomerates. 


Qargour-EzZiara deposits (in part pa- 
leolithic?):sands, gravels and coquina. 


Older Quaternary to recent:alluvial de 
posits around thelake of Homs and gra 
vel cover of the Homs -Rastane area 

and of the Rastane plateau. 


Alluvial deposits ın the Ghab and other 
depressions (in the Ghab area Pliocene 
to recent):mostly marls and clays. 


Natural levees along the recent Oron- 
tes river: sands and sandy marls with 
very few gravel. 


Piedmont fans along the eastern foot 
IDUNIN of the Alouites mountains (Pliocene to 
l recent): coarse conglomerates,gravel 
and boulder deposits and sands. 


Upper Miocene basaltflows and ashes 
(Rastane area). 


Upper Pliocene basaltsheets and ba- 


\ saltsheets with some ashes,lapilli 


and scoriae. 


a Quaternary basaltflows with layers 
) of ashes, lapilli and scoriae (Jisr ech 
Chorhour area). 


=— General dips of the layers. 
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Fig. 3 — Valley of the Orontes between Gulbemnaes and Aassaile, simplified topographical map. 


between theories assuming widespread variat- 
ions of the climate and theories which claim 
that local factors should account for the vary- 
ing quantity of run-off. But the reader should 
bear in mind that further and more systematic 
investigations will be necessary to complete 
our observations. 


Mr. Abdul Basset Khatib, Direstor-General 
of the Board of Administration of the Ghab- 
projects, most generously authorisized the 
publication of data of scientific interest, which 
result from the investigations carried on by 
NEDECO on behalf of the Syrian government. 

The author wishes to thank the managing 
board of the Netherlands Engineering Con- 
sultants ”NEDECO”, as well as Messrs. Dwars, 
Heederik and Verhey and the ”Nederlandse 
Heide Mij.”, for giving kind permission to 
publish some of the data from their general 
report on the Ghab area. He is also indebted 
to the specialists, engineers and topographers 
of the above mentioned societies as well as 
Mr. Dubertret from Beirouth, with whom he 
cooperated in surveying the Ghab-area, and 
who gave him help while preparing his geo- 
logical reports. Thanks are equally due to 
Mr. Hassan Souleiman Loubnani, contractor 
at Damascus, who executed a number of test- 
drillings in different places and who had a 
good understanding of the geological require- 
ments of those drillings notwithstanding the 
existing difficulties in following each other’s 
language. 

DESCRIPTION OF THE MIDDLE COURSE 
OF THE ORONTES 


The longitudinal section of the Orontes can 
be easily divided into three parts. The middle 


course with a length of about 300 km, which 
we visited, includes the valley of the Orontes 
from the dam of Kattine, where the river 
leaves the lake of Homs, as far as the village 
of Kfeir, where the river leaves the marshy 
plains of the Ghab (see fig. 1). The extensive 
plains of the Ghab including the low Iying 
parts of the Acharneh-basin, form the local 
base-level of the middle course of the river. 

After leaving the lake of Homs the Orontes 
first flows over Lower Pliocene basalt-sheets 
(see fig. 2), partly covered by thin gravel- 
deposits. About 17 km upstream off Rastane 
the river starts cutting a canyon into those 
basalts. Near Rhajar Amir, about 12 km up- 
stream off Rastane, the valley, which becomes 
ever deeper and wider, reaches the under- 
lying lacustrine chalky marls, which belong 
to the Upper Miocene or to the Pontien. 
Near the electric powerplant of Rhajar Amir, 
about 6 km upstream off Rastane, the bottom 
of the valley cuts into alternating chalky 
marls, chalks and marly limestones. The top- 
most 30 m of these marine beds belong to 
the Lower of Middle Eocene. A foraminiferal 
sample from a shallow boring near Rastane 
from layers immediately below those of the 
stratigraphical section, described by us in 
1953 (Voüte, 1953b), belongs already to the 
Upper Senonian 3. 

From this point to a point a little upstream 
off Haissa (about 20 km to the north-north- 
west of Hama) the valley of the river has 
entirely been cut into the rather homogenous 
chalky and marly, almost horizontally layered 
or slightly undulating rocks of the Upper 


3 Sample studied at the Laboratory of Mine- 
ralogy, Technical Highschool of Delft. 


200 > 
Cretaceous (see fig. 5). Near Haissa the 
Orontes begins cutting its valley into still 
older rocks, dolomites and dolomitic lime- 
stones belonging to the Turonian and to the 
Cenomanian. 

A little downstream from this last point the 
valley becomes narrower and the river flows 
through a deep canyon as far as Qalaat Chei- 
zar, where it passes into the low plains of the 
Acharneh-basin and from there into the 
marshy plains of the Ghab-area. Also at Qa- 
laat Cheizar the Orontes leaves the Syrian 
Plateau to continue its course along a very 
important graben-system. 

East of Rastane the floor of the valley lies 
locally more than 200 m below the surface 
of the Syrian Plateau (see fig. 3 and 5). But 
as the undulating plateau gets lower towards 
the northwest the valley has only a depth of 
about 50 m in the neighbourhood of Hama, 
to attain again a depth of about 100—150 m 
in the canyon between Haissa and @alaat 
Cheizar. 

The whole valley between Homs and Qalaat 
Cheizar is heavily winding, generally within 
a belt of less than 3 km width. Between 
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being irrigated by huge norias (waterwheels). 
The actual river has cut its narrow, mostly 
steepwalled and generally freely meandering 
bed into this alluvial plain. The cultivated 
plain generally lies several m above the level 
of the Orontes. 

Downstream from Haissa, where the gra- 
dient of the river steepens at the same time 
(Weulersse, 1940), we observed only very 
local patches of alluvial deposits along the 
canyon, which still shows a set of small 
windings superposed on the large bends. In 
the region of Rastane we also found only 
local patches of alluvial deposits, along the 
valley. 

We had the opportunity to examine a very 
interesting cross-section of the valley between 
the small villages of @oubeibäte and Aassaile 
(French Levant grit x = 2513 andy =3352)% 
about 13 km downstream from Rastane. Fig. 3 
shows a somewhat simplified topographical 
map of this part of the valley with its wide 
windings and its flat floor with the meander- 
ing bed of the Orontes. Some shallow test- 
drilling was carried out in this place, which 
showed us the thickness and the composition 
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Fig. 4 — Geological cross-section of the Orontes valley between @oubeibäte and Aassaile, showing 
a buried o!der valley. 


Haissa and @alaat Cheizar the loops become 
bigger. At the same time they show angular 
forms, bending at right angles under the in- 
fluence of faults and groups of diaclases in 
the much-broken Cenomanian and Turonian 
dolomites and limestones. In this area we still 
find along the upper part of the valley-sides 
the Upper Senonian chalky deposits, which 
cover almost everywhere the Cenomanian and 
Turanian dolomites and limestones. 

Between a point about 3 km downstream 
from Rastane and a point a little down- 
stream from Haissa the valley along a stretch 
of about 100 km shows a flat floor, the width 
of which lies generally between 200 and 500 
m, rarely attaining 1000 m. This valley-floor 
is cultivated with gardens, which are often 


of the alluvial deposits underlying the river- 


. bed. Figure 4 gives the result of this investi- 


gation, while fig. 5 shows a generalised cross- 
section of the whole valley in this place. 
From this it appears that the actual bed of 
the Orontes is being cut into alluvial depo- 
sits which partly fill up a large, older valley. 
The lowest point of the old valley lies more 
than 10 m below the bottom of the actual 
river. The top of the old alluvial filling lies 
en the northside of the valley about 10 m 
above the actual river, and on the south-side 
of the valley even at more than 20 m above 
the level of the river. The modern Orontes 
has cut its bed in several stages in those older 
alluvial deposits, thus forming terraces at 3 
levels above actual river level. The orginal 
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Fig. 5 — General geological cross-section of the 


Orontes valley between Q@oubeibäte and Aassaile, 
vertical scale exaggerated. 


thickness of the old alluvial deposits locally 
must have been at least between 25 and 30 m 
(see fig. 4). 

The deepest parts of the ancient valley have 
been filled with gravels and sands. On top of 
them, and in other parts of the ancient valley 
directly overlying the marine upper senonian 
chalkmarls, in which the whole of the valley 
in this place was cut, we found brownish to 
grey-white sandy marls with some small 
pebbles. These sandy marls seem to represent 
floodplain deposits. Near the southern valley- 


side they contain also angular rock fragments, . 


mostly of basalts of different size which fell 
down from the edge of the valley. No fossil 
bones or stone implements were found by 
which the deposits could be dated. 

A further examination of the valley near 
this spot shows a second set of terraces at 
varying levels well above the old alluvial 
deposits, some of them vary extensive. They 
often are covered by very thin gravel layers. 
The topographical map fig. 2 shows three of 
those terraces underlying the village of As- 
saile, to the east as well as to the west of this 
village. Other terraces can be seen in several 
places to the north of the river, e.g. north of 
@oubeibäte and north of Aassaile. They re- 
present erosion stages of the paleo-Orontes, 
which cut the old valley underlying the bed 
of the actual Orontes river (see also fig. 4). 
None of these older terraces could be dated 
by us in this place. They antedate the alluvial 
filling into which the actual Orontes river has 
cuts its more recent terraces. 

It can be stated therefore that the cutting 
of the valley of the Orontes at the described 
locality took place in at least two major 
stages, separated by a period of partly refilling 
of the valley. This can be explained either by 
variations in discharge and amount of silt- 
load of the river, or by variations in local 
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base-level by joung tectonic movements and 
the resulting changes in the gradient of the 
river. Variations in discharge may be the 
result of variations in the extent of the catch- 
ment area, provoked by stream capture, or 
they may be the result of variations in rain- 
fall and run-off. We will therefore have to 
look to the middle course of the Orontes as 
a whole and to the morphological and tecton- 
ical development of this part of Syria during 
the Neogene, in order to find indications 
which of these processes aided in shaping the 
valley into its actual form. 

No further detailed studies were made in 
the valley between Rastane and Haissa, such 
studies lying beyond the scope of the projects 
we had to prepare. Nor did we investigate the 
old terraces indicated on the topographical 
maps 1:50.000 in numerous places above the 
flat cultivated floor of the valley. 

For this reason we did not investigate the 
exact spot of the chellean site on alluvial 
deposits in the Orontes valley near Kazo 
(about 4 km to the north est of Hama) men- 
tioned by Burckhalter (1933). The original 
indications by Burckhalter do not permit any 
conclusion as to on which terrace-level the 
chellean stone implements have been found. 


GEOLOGICAL EVOLUTION OF THE 
REGION AROUND THE MIDDLE COURSE 
OF THE ORONTES 


During the later parts of the Miocene north- 
ern Syria definitely emerged from the sea. 
From this moment mountains are being formed 
and they show more and more relief. A 
shallow trcugh, a graben limited by a set of 
faults running north-south, formed in the 
place of the actual marshes of the Ghab and 
the basin of Acharneh, which still constituted 
a single unity at that moment. 

During the Upper Miocene or the Pontian 
an extensive freshwater lake occupied this 
through (Dubertret et Vautrin, 1938; Dubertret, 
1945, 1952; Voüte, 1953a). A second, contem- 
poraneous, lake occupied the large shallow 
basin of Homs (Dubertret et Vautrin, 1938; 
Dubertret, 1945). The shore-line of this an- 
cient lake of Homs did not run far to the 
north of Rastane and a little to the south of 
Aassaile (fig. 4, see also Voüte, 1953b). In 
both lakes still existent lacustrine sediments 
have been deposited. 

At the end of the Miocene and during the 
Fliocene the relief became more vigorous and 
the sea retreated towards its actual shores, 
with the exception of a few bays reaching 
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still rather far inland, e.g. along the lower 
course of the actual Orontes river (Dubertret, 
1952). The freshwater lakes became smaller, 
while part of the grabens continued to be still 
more downfaulted. The Ghab-graben and the 
Acharneh-basin became divided by a big fault, 
which partly existed already during the 
Upper Miocene. In the Acharneh-basin, where 
further faulting and downwarping occurred 
only locally and to a much lesser degree, al- 
most no further sedimentation took place. 
Whereas the Ghab-graben itself, which was 
downfaulted still more, was occupied by a 
lake, the remnants of which still subsist in the 
actual marshes. Here sedimentation has been 
taking place up to the present (Voüte, 1953a). 


At the end of the Pliocene new vigorous 
movements occuring along many of the al- 
ready existent deep faults formed the actual 
landscape, although movements still continued 
during the Quaternary. 


Very extensive basaltsheets are found in the 
Homs-Rastane area, to the east of Hama and 
Maarret enn Naamane, as well as to the south 
of Alep and along the northern and eastern 
ahores of the Ghab-depression. These basalts 
are generally assumed to be contemporaneous 
with other basalts in the coastal area, dated 
with certitude as belonging to the Pliocene 
(Dubertret, 1943, 1945, 1952, and personal 
communication). We have demonstrated 
(Voüte, 1953a) that some of these basalts in 
the Jisr ech Chorhour-area at the northern 
limit of the plains of the Ghab originated only 
during the Quaternary. These quaternary 
basalts of Kfeir-Jisr ech Chorhour still show 
displacements of up to 10 m along some of the 
grabenfaults, indicating thereby late move- 
ments along these faults during the Quater- 
nary. 

The greater part of the Orontes valley des- 
cribed above, as well as the lake of Homs, 
lies near the western border of the Syrian 
Plateau. The western limit of this structural 
plateau which passes eastward into the Syrian 
and the Irakian desert, is formed by the fault- 
zone of Massyäf, running north-south. This 
faultzone is the northward continuation of 
the eastern borderfault of the Lebanon- 
mountains. This faultzone forms a dominant 
structural line of the country (Dubertret, 
1947). In the region of the Ghab- and the 
Acharneh-depression this faultzone forms a 
whole group of faults with local horsts and 
grabens, still more subdivided in the northern 
part of the Ghab-area of further to the north 
(Dubertret, 1947, 1952). 


The enormous block between this faultzone 
and the coast has been tilted westward, where- 
by the easternmost part of the block locally 
was elevated to more than 1000 m above its 
former level (part of the Alaouites mount- 
ains). The Syrian Plateau, east of the fault- 
zone, lies at a much lower level, but it shows 
also some tilting away from the fault, east- 
ward (Dubertret, 1933, 1947). In the immediate 
neighbourhood of the faultzone, as shown 
along the canyon of the Orontes between 
Haissa and Qalaat Cheizar, the borderzone of 
the Syrian Plateau was much influenced by 
these processes. The Turonian and Cenoma- 
nian limestones show many small faults and 
they are subdivided in a number of small 
faultblocks, showing alternating eastward and 
westward tilt in a varying degree up to 5—10 
degrees. 

The Orontes river as a whole orginated as a 
result of this tectonice history of northern 
Syria. The river flows more less parallel to 
the great faultzone, draining the interior 
basins and the grabens formed during the 
Pliocene. Its generalised longitudinal section 
shows strong influences of Neogene tectonics 
(Dubertret, 1933b; Weulersse, 1940). 

In as much as the structures of the Achar- 
neh-basin and the sediments found in this 
basin seem to indicate that the tectonic move. 
ments hereabouts occured chiefly before and 
after the Upper Miocene, with probably no 
important movements later on during the 
Pliocene and the Quaternary, we have no 
arguments yet permittins us to know with 
certainty whether tectonic movements in this 
area, especially between Haissa and Qalaat 
Cheizar, as well as in the Acharneh-basin, 
have played an important part in the alter- 
nating stages of erosion and refilling of the 
valley of the middle Orontes. 


INFLUENCE OF TECTONIC MOVEMENTS 

AND VARIATIONS IN DISCHARGE ON 

THE EVOLUTION OF THE VALLEY OF 
THE ORONTES 


Some influence of the quaternary tectonie 
movements on the development of the middle 
course of the Orontes as described above 
would be easily understood. Further and more 
detailed surveys will have to be made to 


 elucidate this point. 


Even if young tectonics could account for 
the presence of a buried valley underneath 
part of the Orontes valley between Homs and 
the plains of the Ghab, still another feature 
has to be explained, viz. the dissimilarity 
between the wide valley of the paleo-Orontes 
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with its large loops and windings, and the 
narrow bed of the actual Orontes freely 
meandering within a belt, the width of which 
is only about a quarter of that of the winding 
older valley. This, and also at least part of the 
upfilling of the valley of the paleo-Orontes 
seems to be explained best by the adoptance 
of an important decrease in discharge of the 
river since the large old valley was eroded. 
Our conclusions thus are in accord with the 
general cenclusion of Dury for rivers in Eng- 
land and elsewhere (Dury, 1954 who gives a 
thorough discussion of these problems with an 
extensive list of references). 

In this respect there is perhaps a connection 
between the large winding valley of the paleo- 
Orontes and quaternary deposits found along 
the northern edge of the plains of the Ghab. 


OBSERVATIONS MADE IN THE 
GHAB-AREA 


Extensive deposits of conglomerates, gravels 
and sandy marls with many pebbles occur in 
the region between the villages of @argour 
and Kfeir at the northern limit of the Ghab 
marshes. These layers, the thickness of which 
are from 2 to 7 m, partly antedate, partly post- 
date the quaternary basalts we described 
from this spot (Voüte, 1953a). 

The pebbles, which very often have a size 
of 2 to 3 cm, consist mostly of lint, some- 
times of limestone, and very rarely of basalt. 
Flints occur in abundance in the lower part 
of the Senonian chalkmarls (Dubertret, 1943; 
Voüte, 1953a). These chalkmarls with flints are 
visible in the region of Hama and further 
downstream, but they occur hardly anywhere 
around the Ghab-depression itself (Dubertret, 
1952). We found only a few flints in the 
Cenomanian limestone bordering the Ghab- 
graben on the east. It seems probable there- 
fore that the material of these deposits was 
transported to their actual site from the valley 
of the Orontes upstream of Qalaat Cheizar. 

To the southeast of @argour we found a 
tongue of similar deposits, alternating with 
sands and coquina and showing current bed- 
ding, reaching into the marly and silty marsh 
deposits (see fig. 2). These gravels, sands and 
coquina, which have a maximum thickness of 
8,50 m along the axe of the low ridge they 
form, stretch southward across the marshes. 
South of Ez Ziara the ridge divides into two 
branches, one branch following the central part 
of the graben, the second following its east- 
ern border. In the neighbourhood of Er Rassif 
(to the northwest of the big springs cf Cherica, 
see fig. 1 and 2), they disappear undesrneath 
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the recent silty marls of the Ghab-graben. 
They show all the features of riverbed- and 
stream channel deposits and they represent 
an abandoned former bed of the Orontes. 

The apparent sligth southward dip of the 
sand- and gravel tongue, which has a length 
of about 26 km, seems to contradict a north- 
ward flow of the associated river. This dip 
results from local subsidence of the central 
part of the plains, either as a result of a 
tilting of the downfaulted block of the graben, 
or because of compaction of the thick clay- 
and marl deposits which form the bulk of the 
pliocene-quaternary fillings of the Ghab- 
depression. 

The width of these quaternary fluvial de- 
posits, even of each of the separated branches, 
but especially where they occur as a single 
low ridge between Ez Ziara and @argour, is 
at the double of that of the bed of the actual 
Orontes with its natural levees and its mean- 
derbelt. The deposits themselves are also 
coarser than those of the modern Orontes 
where it flows through the marshes of 
the Ghab. They are coarser even in part 
than those of the Orontes where it flows 
through the Acharneh-basin, some 50 km 
upstream from this area, and where we 
found only fine gravel alternating with 
clayrich fine sands. We must conclude 
therefore that this old Orontes had a dis- 
charge considerably more abundant than that 
of the actual river. The actual Orontes trans- 
ports only very few sediments, most of it of 
siltsize. 

It is interesting to note that here also facts 
illustrate a former abundance of a north 
running river antedating the modern Orontes. 

According to observations, which still lack 
further confirmation, the upper part of the 
sravel-deposits at Qargour pertains to some 
part of the paleolithic period. 


POSSIBLE EXPLANATION OF THE 
DECREASE IN DISCHARGE 
OF THE ORONTES 


Morphology and structures of the catchment 
area of the Orontes upstream of Homs, as well 
as of surrounding areas, seem to make it 
utterly improbale that this river should 
have suffered loss of discharge caused by 
captures by other streams. Nor has the Oron- 
tes captured headwaters of other streams 
since the basalts cf the Homs area originated. 
In this respect no comparison can be made 
with the Jordan river which suffered great 
losses throush capture by other streams (Abd 
el Al, 1949; Shalem, 1950). 
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Decrease in discharge of the middle Orontes 
can thus be the result only of the climate. 
The described features for the existence of 
at least one major pluvial period during the 
Quaternary. 

We are without sufficient data, and for this 
reason we can not yet estimate the discharge 
needed by the Orontes river in order to erode 
its large, now partly buried, winding valley. 
The actual potential discharge of the river 
is upward of 500 million m3/annum. The real 
flow is less in consequence of considerable 
losses by evaporation in the dammed up lake 
of Homs. Much water is also utilised in the 
Homs-Hama irrigation distriet. These losses 
have occurred only since the lake of Homs 
was enlarged artificially by building a dam 
at its outlet, and since its water was utilised 
for irrigation purposes in historical times, and 
since the springs upstream of the lake were 
used in part for the same purpose. The reser- 
voir dam of the lake of Homs is very ancient, 
dating perhaps from the IInd millenium B.C. 
(Weulersse, 1940; Moussly, 1951). 


It seems rather surprising to note a mor- 
phology and an evolution of the Orontes valley 
in its middel course, resembling the behaviour 
of streams in the moderate climate zone, and 
much less the characteristics of streams and 
ouadis of the arid zone. A number of factors 
contribute to this aberrant behaviour of the 
Orontes and to a lesser degree of the Litani 
river. 

Streams of mediterranean region and of 
arid areas are very often characterised by their 
utmost irregularity and their very capricious 
flow, which depends on an equally irregular 
rainfall with heavy showers restricted to a 
few months. The lack of an adequate vege- 
tation-cover also plays a part. An important 
part of their discharge takes place as floods 
laden with much silt and debris. Typical 
examples can be found e.g. in Algeria. An- 
other example of such an irregular stream, 
described from Syria, is formed by the Afrina 
river (Mazloum, 1939). 

Now the Orontes and the Litani are not 
only under the influence of such a mediter- 
ranean climate with rainfall restricted to the 
wintermonths. The pecularity of these two 
streams results from the fact that they also 
are strongly influenced by regulating factors 
residing in their geological setting. 

The moutain masses of Syria and the Le- 
banon mainly consist of thick sequences of 
massive limestones of Jurassic and Cenomanian 
ages. These limestones, Iying in areas with the 


highest rainfall, 1000 to 1600 mm/annum, 
part of which as snow, developed an extensive 
karst. The karst forms huge subterranean 
reservoirs, feeding very important and often 
very regular flowing vauclusian or overflow 
springs. Run-off in rainy periods thus is 
diminished by infiltration into the limestones, 
while the springs maintain an important supply 
to the rivers in the dry seasons. 


‘ Further structural depression as the Homs 
area, or graben structures as the Ghab- and 
Acharneh basins and the Bekaa basin, form 
topographical basins. In these basins the floods 
of the streams which cross them, become 
partly regularised in lakes, marshes or tem- 
porarily overflooded low plains. In these de- 
pressions the streams also depose part of their 
sediments. 

The principal spring of the Orontes up- 
stream off the lake of Homs is the spring of 
Ain Zerka with a flow varying between 17 
m3/sec. in July and 14 m3/sec. in December 
(Weulersse, 1940; Abd el Al, 1952). Even if 
we take into account the high evaporation 
losses along the river course and on the lake 
of Homs, before this lake became artificially 
enlarged, the flow of the spring of Ain Zerka 
alone, fed by the cenomanian limestones of the 
northern part of the Djebel Lebanon, stands 
for a great part of the potential flow of the 
river downstream from the lake of Homs. A 
further regularisation of the flow of the 
Orontes takes place in the lake of Homs. 

In spite of the above mentioned conditions 
the Orontes till shows occasional and sudden 
disastrous floods, which gave the river its 
Arabian name (Nahr el Aassi means the 
savage river). The last of these floods was 
recorded at Homs in January 1954. 

We do not know the extent of the lake of 
Homs in different periods of the Pleistocene. 
Nor do we know the completeness to which 
the karst developed during this period in the 
Cenomanian limestones of the northern Leba- 
non mountains, nor the resulting flow of the 
spring Ain Zerka. Each of the facts will have 
had a distinct influence on the behaviour of the 
paleo-Orontes. The results of our studies in 
and around the Ghab area showed us the 
karst systems of the different mountain 
masses to have reached a widely different 
stage of maturity, demonstrating thereby that 
each of the karstified limestone mountains 
has to be studied separately. 

It is still equally impossible to estimate the 
rainfall necessary to obtain a suffieient run- 
off and discharge of the paleo-Orontes, in 
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_ accordance with its large winding valley. The 
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exact figures of today’s rainfall are but known 
for a small part of its catchment area only. 
Much of this area recieves a rainfall of 400 
mm/annum or less (Weulersse, 1940; Fish et 
Dubertret, 1948). 


" CONCLUSIONS AND COMPARISONS 


In our opinion the fact that the Orontes, at 
least along a stretch of over 100 km of its 
middle course, represents an example of a 
misfit stream, is a serious argument for ac- 
cepting the occurence of climatic variations 
with marked pluvial periods at least in part 
of the Levant. One major pluvial can be de- 
duced from the recorded facts. 

It is not yet possible to make precise com- 
parisons with other important rivers of Syria 
and the Lebanon owing to lack of an exact 
chronology of the observed facts. Terraces, 
some of them with paleolithice stone imple- 
ments, have been mentioned from the 
Euphrate (Haller, 1948). The Litani river, des- 
cribed by Abd el Al, shows some charac- 
teristics of a misfit stream in its course be- 
tween the plain of Chtaura (southern Bekaa) 
and the canyon of Sohmour, although to a 
much lesser degree than the Orontes. This at 
least can be deduced from the diagram of 
Abd el Al (1948, fig. 77 en 78) who does not 
mention, however, the possibility of the pre. 
sence of several stages in the development of 
this valley. 

One should be prudent in comparing the 
above mentioned conclusions derived from our 
observations with opinions recently expressed 
by authors studying or mentioning the Jor- 
dan valley and the palestine territories (Reed, 
1949; Shalem, 1950; Picard, 1952; Zeuner, 
1952a; for further references see these 
authors). Fish (1948), in giving a summary of 
today’s climate of Syria and the Lebanon, 
states that a syrian climate, forming a separ- 
ate entity, should be distinguished from a 
palestine climate. This could also have been 
true during the Pleistocene, when the mor- 
phology of the Levant was already much the 
same as at present. Recently also Flohn (1952) 
concluded that the pluvial periods connected 
with the pleistocene glaciations expressed 
themselves in the subtropic belts of arid 
climates by narrowing of these belts. At those 
times the humid moderate climate belts would 
have widened equatorward, and the humid 
tropic climate belt would have widened at the 
same time poleward, while a narrow arid belt 
was still subsisting. This could perhaps ex- 
plain why pluvial periods, clearly indicated in 
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northern Syria as we have remarked, would 
be much less recognizable as such in Pa- 
lestine (Shalem, 1950). 
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ABNORMAL PRESSURES IN OIL- AND GAS RESERVOIRS 
P. C. KOK! and J. H. M. A. THOMEER! 


ABSTRACT 


Reservoirpressures in water-, oil- or gasbearing 
rocks are normally hydrostatic, but occasionally 
much higher, the latter more particularly at great 
depths such as now frequently reached in oilwell 
- drilling. 

Some areas are notorious for the frequent oc- 
currence of abnormally high reservoir pressures 
and for the resulting complications. A classical 
example is provided by the Texas-Louisiana Gulf 
Coast area, whilst also parts of India and Burmah, 
Iran, Irag, California, and particularly the island 
of Trinidad, provide interesting cases. Maximum 
reservoir pressures so far noted appear to reach 
about 90% of the overburden pressure (limiting 
value). 

Various possible explanations for the occur- 
rence of these abnormal pressures are critically 
discussed, viz. compaction of shales and sandy 
- rocks, tectonie forces, inherited pressures, contact 
- between shallow and deep reservoirs, depolyme- 
risation of hydrocarbons, etc. The actual conditions 
sometimes may be complex, but in all cases the 
existence of an impervious seal around the high- 
pressured reservoir is essential. 

In order safely to control high reservoir pressure 
in drilling wells a properly adjusted mud weight 
is a first requirement. Excessive weight shoud, 
however, be avoided as this may easily lead to 
loss of circulation. Good rheological properties of 
the mud, careful drilling practice and a safe casing 
programme are equally important. 


1. INTRODUCTION 


Reservoir pressures encountered in water-, 
oil- or gasbearing rocks normally are about 
hydrostatic, i.e. they equal the pressure exerted 
by a column of water extending from the re- 
servoir’s depth up to the surface. Under ideal 
conditions this pressure therefore will increase 
by 0.10 kg/cm2 for each additional meter of 
depth reached below the surface (or 0.43 
psi/ft). 

Reservoirpressure should not be confused 
with rock pressure (overburden pressure). 
The size of this latter is governed by the 
weight of the overlying rock column and 
therefore much larger. Assuming an average 
formation density of 2.30, the petrostatic 
pressure gradient should amount to 0.23 
kg/cm2 (1.00 psi/ft). 

Small deviations of reservoir pressure from 
its ideal hydrostatic level are quite common 
and their occurrence can be simply explained. 
Of greater importance are the really abnormal 
reservoir pressures encountered in some form- 
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ations. They may range far above normal, 
sometimes even approaching the petrostatic 
level, and more often than not they will prove 
a source of serious trouble and complications 
in drilling operations and well completion 
practice. Several hypotheses have been ad- 
vanced to explain the occurrence of these ab- 
normal pressures, but no universal explanat- 
ion fitting all known facts — supposing this is 
at all possible — has found general acceptance 
so far. 

A good understanding of these phenomena 
is all the more important now that exploration 
for oil and gas is aiming at increasingly greater 
depths, where, as experience has shown, the 
occurrence of abnormal pressures is of greater 
frequency. 

Under the guidance of available information 
from various parts of the world a critical sur- 
vey will be given of the several possible causes 
and interpretations of abnormal reservoir 
pressures. Also technical measures and pre- 
cautions to be observed when drilling in over- 
pressured rocks will be briefly reviewed. 


2. OCCURRENCE OF ABNORMAL PRESSURES 


General 


Normal reservoir pressure not only is equal 
in size to the pressure exerted by a column 
of water extending from reservoir level to sur- 
face, but actually is caused by the existence of 
such a water body permeating the continuous 
pore skeleton of all overlying rocks. 

As mentioned above, small deviations from 
hydrostatic pressure are the rule rather than 
an exception. In order to explain this the 
influence of three factors should be consi- 
dered. 

a. If a reservoirformation actually has a 
surface outcrop, the contents of this permeable 
rock will remain in direct connection with the 
natural groundwater level in or around this 
outcrop. The pressure in the rock at any depth 
will then be fixed by the difference in height 
between the outcrop and the depth considered. 
This pressure, however, need not necessarily 
be equal to that caused by a hydrostatic co- 
lumn at the location of a vertical borehole 
tapping the reservoir. Deviations from normal 
may be either positive (outcrop topographic- 
ally high in hills, ref. artesian water wells) or 
negative (low location of outcerop, e.g. in a 
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valley). It stands to reason that this explan- 
ation of pressure deviations will only apply 
to relatively shallow reservoirs, as the deeper 
the reservoir, the more remote the chances of 
its having communication with a surface out- 
crop. 

b. In an oil- or gasreservoir hydrostatic 
pressure will normally prevail in the edge 
water. At any point above the watertakle, 
however, the pressure will be equal to that 
existing at this watertable minus the pressure 
exerted by the weight of the oil or gas column 
above this table. Since oil and, particularly, 
gas are lighter than water, this will result in 
some excess pressure in the oil or gas bearing 
part of a reservoir. 

c. The hydrostatice pressure gradient is 
somewhat affected by the occurrence of dis- 
solved salts in the pore water of all rocks. 
Depending on the assumed salt content dif- 
ferent hydrostatic gradients are quoted in the 
literature. 

Dickinson (1951) bases his calculation on a 
pressure gradient of 0.465 psi/ft (assuming 
6% dissolved matter). 

Thomeer (1953) mentions 0.43 psi/ft (pure 
water, disregarding dissolved salts). 

Watts (1948) gives a figure of 0.44 psi/ft 
(based on actual observations in a Californian 
field). 

All reservoir pressures greatly exceeding 
this order of magnitude are considered ab- 
normal. 


Several oil provinces are notorious for the 
frequent occurrence of such abnormally high 
pressures in oil- and gasreservoirs, viz. 

the Texas-Louisiana Gulf Coast area 

India (Khaur field) and Burmah 

Iran (Masjid-i-Sulaiman field) and Iraq 

Trinidad 

California (Ventura Avenue and a few 
smaller fields). 

The exact measurement of abnormal press- 
ures usually is rendered difficult by the 
occurrence of technical complications in high- 
pressure wells. Therefore the size of these 
pressures usually has to be approximated using 
either of two possible sources of information: 
1. Data derived from drill-stem testing re- 

cords and subsequent production history. 
2. The weight of the mud column required to 

control the pressure while drilling the re- 
levant formations. 

In fieldpractice the former method appears 
fairly well reliable, but results obtained when 
using the latter are thought to be about 10% 
high (Dickinson). It is evident that the mud- 


pressure always should be somewhat in excess 
of the reservoirpressure in order to be safe 
against contingencies such as the swabbing 
action of the tools while being pulled. Dickin- 
son admits that 10% is rather uncertain and 
at best an average figure, but, lacking more 
accurate information, we shall use this value 
in all cases where the reservoir pressure has 
to be estimated from mud pressure applied in 
a well. 


Gulf Coast area 


Rather extensive information is available, 
a.o. that published by Cannon and Craze (1938) 
and, more recently, by Dickinson (1951). 

The abnormally high pressures are known 
to occur in an about 80 km wide zone paral- 
leling the coast line between the Rio Grande 
and the Mississippi. They are encountered in 
reservoir sands that are isolated by thick 
packages of shales. Many of these reservoirs 
are found to contain salt water only, occasion- 
ally with traces of gas. 

The Gulf Coast continental shelf structur- 
ally is a large monocline dipping with a small 
angle towards and into the Gulf of Mexico. 
The dip angle is very slight at the surface, but 
increases with depth, coupled with an in- 
creasing thickness of the sediments in south- 
ern direction. The regional fault system largely 
consists of normal faults, the downthrown 
blocks being on the seaward side. Possibly this 
may be explained by the degree of compaction 
increasing towards the Gulf, seeing that the 
facies of the sediments changes in the same 
direction from that of fresh-water deposits to 
a deep-marine facies involving a gradual 
increase of shaly development. Of all sedi- 
ments clays and shales are known to be the 
most susceptible to compaction. 

Abnormal pressures do not occur in the 
upper zone of preponderantly shallow sand- 
stone deposits, but make their first appearance 
only below the transition into the deeper, pre- 
dominating shaly facies. Towards the sea this 
transition moves up into stratigraphically 
younger sediments, as could be expected from 
the history of the regional monocline. 

During the last few years an increasing 
number of abnormal pressure figures has been 
registered. From these Dickinson arrives atthe 
conclusion that the maximum pressure gra- 
dient so far encountered is 0.87 psi/ft, hence 
about 1.87 times the normal hydrostatic value 


‚of 0.465 psi/ft. He further observes that the 


transition from normal to abnormal pressure 
appears to occur in a rather abrupt way once 


the shaly zone is entered. At the same time 
he admits, however, that a gradual increase 
of the specific weight of the drilling fluid 
with depth is rather frequently practiced, this 
pointing to the probability that more gradual 
increases may also occur. 
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of overthrusting. Locally Pleistocene gravel 
deposits are found here in a vertical position. 
South of Khaur the degree of folding gradually 
decreases. 

The formations composing the Khaur anti- 
cline (sandstones and shales) belong to the 
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India 


More particularly in the Khaur field ab- 
normally high pressures have often been 
encountered (Keep and Ward, 1934). The 
Khaur field is located in the NW-Punjab. To 
the north, and partly also to the east, it is 
bordered by the foothills of the Himalaya. 
Structurally it is a rather strongly folded E-W 
anticline. In the north flank dips amount to 
70° and in the south flank to 45°. At short 
distances north of Khaur signs of much 
stronger folding are found, even to the extent 


Miocene and show signs of very strong com- 
paction. The sandstones are cemented by 
calcite and have a low porosity; below 3600 ft 
this latter amounts to 4-10 % only. Per- 
meability-is extremely low or virtually absent. 

At such shallow depths as 450 ft the-reser- 
voir rocks already show relatively high fluid 
pressures, but it is only below about 2600 ft 
that really large deviations from normal are 
registered. Down to 3200 ft sandstones are far 
more abundant than shales, whereas below 
this depth shales are the preponderant con- 
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stituents of the rock column. Below 3500 ft 
an abrupt increase of the pressure gradient 
is reported. 

All pressures in this field had to be estim- 
ated from mud column weight plus the added 
pump pressure which was deemed necessary 
to control the wells. From data reported by 
Keep and Ward (1934) the following figures 
may be derived; 


Depth Reservoir pressure Pressure gradient 
2800 feet 1590 psi 0.570 psi/ft 
4400 34607, 0.787 ee 
Da 4600 „ 0.882 a, 

548 „ 4930  ,„ 0.900 4 
(maximum) 


Abnormal pressures are also reported from 
Burmah, but more detailed data are generally 
lacking. 


Iran and Iraq 


Colvill (1937) describes conditions in a few 
wells reaching down to depths of 8300 to 
11200 ft. His data (derived from mud column 
weights) indicate that at depths around 8300 
ft reservoir pressures have been registered of 
6240 psi, hence a pressure gradient of 0.75 
psi/ft. 

These high pressures have been encountered 
in a few zones of the Masjid-i-Sulaiman field 
(Iran). Surrounding rocks were anhydrite, 
shales, rock salt and, occasionally, limestone. 

Another interesting feature are the ab- 
normally high pressures occurring in the top 
part of some anticlines in the Iran-Irag region. 
Towards the flanks pressures gradually return 
to their normal hydrostatic value which pre- 
vails at the oil-water boundary. 

Trinidad 

Here again very high pressures are a fre- 
quent experience. Reed (1946) mentions a 
pressure gradient. of 0.8 psi/ft at depths 
between 5000 and 6000 ft. 

California 

In this area the Ventura Avenue field is 
particularly notorious for its abnormal reser- 
voir pressures. Watts (1948) mentions a case 
of 8300 psi at a depth of 9200 ft: pressure 
gradient 0.9 psi/ft. The transition from hydro- 
static to abnormal again is rather abrupt and 
appears to occur between 7000 and 9500 ft. 

Another case in California is the Lost Hills 
field: pressure 2930 psi at 4400 ft; pressure 
gradient 0.67 psi/ft. 

All the above information has been summar- 
ized in fig. 1. Herein it is clearly shown that 
so far no pressure gradients appear to have 
been found in excess of 0.9 psi/ft or, in other 
words, reservoir pressures appear never to 


reach a value above 90 % of the rock pressure. 
Of course, higher values might still be found, 
but it will be clear that under all conditions 
100% of overburden pressure is the absolute 
limit. N 


3. THEORIES ON THE ORIGIN 
OF ABNORMAL PRESSURES 
Introduetion 

Several theories have been advanced to 
account for the origin and conservation of 
abnormal reservoir pressures. 

Independent on the probability of any theory 
one condition should always be satisfied: the 
reservoir under consideration must be effect- 
ively isolated from any nearby reservoirs 
containing normal or less excessive pressures. 


The seal may be provided by: 


1. vertically: roof formations which are either 
completely impervious as a result of their 
original petrographic texture (e.g. rock salt 
and other evaporite sediments), or show a 
sreatly reduced permeability as a result of 
compaction (e.g. shales); 

2. laterally: gradual reduction or complete 
disappearance of permeability, e.g. by a 
change of facies, involving the wedging-out 
of sands and sandstones, or by lateral 
changes of the degree of cementation in a 
porous sediment. 

Without such seals the abnormal pressure 
would have been dissipated into surrounding 
sediments in which more normal pressures 
prevail. 

The question remains which causes are to 
be held responsible for the origin of the ab- 
normal pressures in such sealed reservoirs. 
The principle theories advanced to this end 
are enumerated below. 

I. Asa result of increasing burden of super- 
imposed rocks clay and shale formations suffer 
progressive compaction in the course of which 
a part of their pore contents has to be ex- 
pelled. 

This water, however, cannot but slowly 
escape and thus the pressure in the pores of 
both the shales themselves and of any inter- 
calated and adjoining sand layers will rise and 
may even run up to a maximum equaling the 
overburden pressure. 

II. The sand grains of the reservoir rock 
itself are insufficiently strong to carry their 
share of the overburden pressure. This results 
in compaction and recrystallisation of the 
sand rock whereby the fluid in its pores is 
compressed (Waldschmidt, 1941; Watts, 1948) 
when it cannot escape. 


ua EB DE Bun na 2. Zu Bu Zu du m aa Hall ln an al a A aaa Bl an Dun än nn 0 nn nn nA m un a Ge a nz U m Aula m an ala haha a a do. 


a S ne 46000 18000 20 


/00 


2. Eee = 
| Ke . 
2.44 S 
3 EHEIHHIN iin EFFH .o s 
a | ws 
an \ Ei a 
€ I! - i N 
> IEEHESE _ EL) 
zei a 5: i 
u EEBHH “0 
EEESEISFHIE KNIE 
| HEINIBNNE IDEE 
BE | 
. EHE BE 20 
| i il: 
4 2 IENINERSSHHN Eu = 
\ SEHE THEESE EiEEER 
Pr HEN Hi EIIRIHENES 


8 
ı 
NE 
je 
& 
8 
13 
8 


— Jepth (ft) 
Fig. 2. 


III. Tectonic forces have resulted in lateral 
eompaction of the rocks. Essentially this theory 
is not different from that sub I or II, except 
for the direction of the force. 

IV. The abnormal pressures in the reservoir 
are ”fossil” or ”inherited” pressures, which 
criginated as normal pressures at a greater 
depth. At a later stage the well-isolated re- 
servoir was lifted to its present depth whilst 
its original pressure remained virtually un- 
altered. 

V. The abnormally pressured reservoir has 
or had communication with a deep-seated gas- 
bearing rock through open fissures. As a 
result, the normal pressure of the deeper 
reservoir now appears as an excessive press- 
ure in the shallower zone. 

VI. The oil and gas of the reservoir origin- 
ate from depolymerisation. and degradation of 
a high-molecular-weight organic material. In 
these processes an increasing volume of fluid 
and gas is formed resulting in a raise of reser- 
voir pressure (Chaney, 1949). 

VII. Result of the difference in density 
between hydrocarbons and water. 

The above hypotheses will now be success- 
ively discussed and their probability weighed 
against the known facts of field observations. 


Compaction of clay and shale rocks (I) 

" Compaction of clay sediments and simult- 
aneous expulsion of water from their pores 
increase with the growing weight of the 


sedimentary column deposited on top of them. 


Every increase of overburden weight will 
initially tend to create a higher fluid pressure. 
Subsequently, however, this fluid pressure will 
be readjusted again to hydrostatic by escape 
of fluid, while the pressure is transferred to 
the points of contact between mineral grains 
(grain pressure), thus resulting in further 
compaction. It will be clear that the time re- 
quired for this adjustment depends on the rate 
of fluid loss of the formation being compacted. 
This time evidently increases with depth 
(longer distance to be travelled) and with 
decreasing permeability of the superimposed 
rocks as a result of progressive compaction. 


Temporarily, therefore, the fluid pressure 
may be above its normal hydrostatic value. 
The fluids in sandstone reservoirs enclosed in 
shale rocks under such conditions, will also 
acquire this abnormal pressure, in spite of the 
fact that these sandstones themselves are 
rocks as a result of progressive compaction. 

The maximum possible fluid pressure in 
such shale and sand rocks will equal the over- 
burden pressure (petrostatic gradient = 1.0 
psi/ft). Maximum reservoir pressures encoun- 
tered in practice were equivalent to a gradient 
of about 0.9 psi/ft, hence remained within the 
limits of this theory. 

Compaction itself is a rather complex pro- 
cess. It is known that freshly deposited clays 
may have a porosity of 60—90 % and, corres- 
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pondingly, a density of 1.7—1.1. With incipient 
consolidation and compaction the former rapid- 
ly decreases and the latter increases: 

close to the surface: porosity 5045 %, 
density 1.85—1.95; 

at shallow depth: porosity 35>—30 %, density 
2.10—2.20. 


Both Athy (1930) and Dickinson (1951). 


published curves showing the change of po- 
rosity and spec. gravity with depth. These 
curves are practically identical (see fig. 2). 

The final stages of compaction are governed 
by a combination of more involved processes. 
The ultimate density of a shale with little or 
no porosity left, should be around 2.65—2.70, 
i.e. the average density of the composing 
minerals. 

It further appears that, apart from the depth 
as shown in fig. 2, also the age of the rocks is 
a factor in the density. - 

Dickinson found for: 

Miocene, max. s.g. 2.51 at 15100’. 

Eocene (Wilcox), max. s.g. 2.58 at 8600”. 

Athy found for: 

Carboniferous 

2.59 at 4500. 

Decrease of porosity and increase of density 
apparently are not directly proportional to the 
degree of compaction. Recrystallisation may 
be a complicating factor involving the format- 
ion of relatively heavier minerals and of some 
micas that require more water for their 
essential lattice structure and thus give rise to 
a decrease of the amount of free water in the 
rock. 

Hedberg (1936) subdivides the compaction 
process in a number of partially overlapping 
stages: 


(Pennsylvanian), max. s.g. 


1. mechanical rearrangement of 
(porosity 90—75 %); 

2. dewatering (porosity 75—35 %) 
(in these early stages the clay remains 
elastic and the processes are reversible); 

3. mechanical deformation of particles; 
(porosity 35—10 %). Inelastic, irreversible 
Process. 


particles 


4. recrystallisation (porosity 10%). 

This last process requires a very long time, 
even to geological standards. 

The clay successively changes into shale, 
slate and phyllite rock, whilst its porosity 
asymptotically approaches zero. 

It appears, however, that this zero porosity 
level will not easily be reached. The porosity 
of Athy’s above-mentioned carboniferous shale 
was 4%. Generally, the porosity of the oldest 


and deepest shale rocks may be taken to range 
between 4 and 12 %. 

Shale compaction appears to offer a satis- 
factory explanation for many cases of exces- 
sive pressure such as that of the Gulf Coast 
area where rapid sedimentation is known to 
have occurred from Eocene to Recent and 
even still goes on below the waters of the Gulf. 
Strong evidence is supplied by the fact that 
abnormal pressures are only found here with- 
in the zone of a thick shale section below a 
normally pressured zone of predominantly 
sandy sediments. The observation that the first 
abnormal pressures are usually found at a 
fairly constant depth, viz. about 7000’, in spite 
of a regional dip towards the Gulf, may be 
explained by the fact that in updip direction 
the transition of shallow-water tacies (sandy 
sediments) to marine facies (shaly sediments) 
progressively moves to geologically older 
levels. 

This coincidence has led some investigators 
(Cannon and Craze, 1938) to consider depth 
the only decisive factor regardless of age, 
against which Dickinson points out that not 
absolute depth, but only that of the change 
of facies is decisive in predicting the level 
below which the occurrence of abnormal re- 
servoir pressures may be anticipated. 


Against this interpretation of abnormal 
pressure conditions as a natural consequence 
of shale compaction some hold that 


(1) the pressure acting on a shale body 
will not equal the overburden pressure, seeing 
that overlying rocks should have sufficient 
mechanical strength to carry the weight of the 
overburden by opposing forces resulting from 
bending stresses; 


(2) compaction of sediments occurs all over 
the world, yet abnormal reservoir pressures 
are rather exceptional. 

These objections, however, would hardly 
seem convincing. 


Ad (1). — The problem whether or not 
shaly formations are sufficiently strong to 
adsorb any appreciable strains has virtually 
ceased to exist. Deenen and others have de- 
monstrated that shale and slate layers do not 
behave as elastic plates since relative weak 
tectonice forces have apparently proved suf- 
ficient to create fissures and sliding planes, 
thus transforming these formations into 
masses of broken rock. 


Van Iterson and also Seldenrath even have 


applied the laws of soil mechanics to such 
rocks and found this justified by the nature 


of settling phenomena observed in and around 
mine works of W-Europe. 

King Hubbert considers the rocks to be 
„elasto-viscous”. In his opinion they react as 
elastic solids to stresses of short duration (say 
a few years), but as highly viscous fluids to 
long-lasting ones (such as those caused by a 
heavy ice-cap). He considers his theory to 
apply both to rocks at great depth and to 
those near the surface. 

These theories would seem to render it 
highly improbable that the bending strength 
of formations would even be approximately 
sufficient to withstand the stresses caused by 
the increasing burden resulting from a con- 
tinuous rapid sedimentation. 

Ad (2). — The theory only applies when 
rapid sedimentation of predominantly clayish 
material has occurred in a virtually un- 
disturbed basin. When tectonice forces are 
active, the chances are that folding, faulting, 
uplift and erosion will soon bring the shale- 
enclosed reservoir rocks into contact with 
others of normal pressure or even with the 
surface. Seeing that orogenesis preferentially 
affects geosynclinal basins at the close of a 
sedimentation period, favourable conditions 
for the origin and conservation of abnormal 
pressures should be an exception rather than 
the rule, more particularly so in older basins. 


Compaction of arenaceous rocks (II) 


Watts (1948) mentions this as a separate 
theory. Apart from his, publications on the 
compactability of sands and sandstones are 
rather scarce, but it is generally accepted that 
the compressibility of these rocks is only small. 
As a result the porosity of sandstones shows 
far less variation than that of shaly rocks. 

It remains true that with increasing age 
(rather than with depth) sandstones are found 
to be somewhat more compact on the average, 
and less porous. This sand-compaction process 
is not affected by a mechanical rearrangement 
of grains such as may play a part in clay 
compaction, but mainly by the dissolution of 
quartz under the high pressures prevailing at 
points of contact between grains, and by its 
reprecipitation elsewhere in the pore space. 
Cementation by other material (such as 
CaC0s3) also may play a role. 

These processes have been studied by Wald- 
schmidt (1941), whilst particularly Versluys 
(1927) has given a theoretical analysis of the 
problem. 

The density of most sandstones may vary 
between 1.85 and 2.40 and their porosity be- 
tween 9 and 30%, but the larger part of this 
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variation is attributable to primary conditions, 
such as grain size distribution, rather than to 
the secondary process of compaction. 


Meanwhile, whatever little compaction there 
is may be accompanied by an increase of 
reservoir pressure. The amount of this in- 
crease, however, should be negligible in com- 
parison to that caused by the compaction of 
the adjoining shales. In our opinion it is not 
right primarily to ascribe high excess press- 
ures to the compaction of arenaceous rocks. 
At best this may have been an additional 
factor and, even so, mainly during a late stage 
or the basin fill-up, seeing that dissolution ana 
recrystallisation of quartz appears to need a 
time of geological dimension before resulting 
in any measurable effect. 


Lateral compaction by tectonic forces (III) 


This theory was suggested more particularly 
as an explanation of the abnormal pressures 
observed in India (Khaur field, Keep and 
Ward, 1934). 

It is generally agreed that mountain- 
building forces have been very great in this 
region, to the extent of even causing large- 
scale overthrusting north of Khaur. Appar- 
ently, these forces are still active and the high 
degree of compaction of the local sediments 
therefore might quite well be explained as a 
result of orogenetic forces. 


The formations in the Khaur field are sand- 
stones and shales. Below 3200’ the shales pre- 
dominate and the zone of really high pressures 
rather abruptly commences at 3500’. Sand- 
stones occurring in this shale zone have a very 
low porosity (4-10 %) whilst their permeab- 
ility approaches zero. 


When this is really caused by very great 
tectonice forces, the reservoir pressure might 
even be raised past its petrostatic limit. This 
of course should lead to pressure release by 
lifting and breaking of the overburden. As a 
matter of fact the occurrence of seepages and 
mud-volcanoes has been interpreted on the 
basis of this assumption. 


Meanwhile it remains possible that also in 
this case the abnormal fluid pressures were 
caused by normal vertical shale compaction 
(theory I). The sedimentation history prior to 
folding certainly was favourable for this to 
happen (high-rate of sedimentation in a geo- 
synclinal basin). 


This theory of lateral compaction by tect- 
onic forces would not fit to explain the high- 
pressure conditions in the Gulf Coast basin. 
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Fossil pressures (IV) 


In this theory it is presumed that originally 
the reservoir pressure was normal for the 
depth of the rock at that time. Thereafter the 
.reservoir was well-sealed, lifted to a higher 
level, and part of the overburden eroded. 

Abraham (1937) believes that the abnormal 
pressures in Trinidad can be explained in this 
manner. For the Gulf Coast, California and 
Khaur, however, this theory is not considered 
satisfactory, seeing that the reservoirs there 
are not believed ever to have been at a depth 
sufficiently great for their present pressures 
to be originally normal. 

The temperature drop that necessarily re- 
sults from the lifting of the sediments to a 
higher level should cause a contraction of the 
pore fluids and hence a pressure reduction. 
An attempt quantitatively to calculate this 
effect was made by Watts (1948), taking in 
account all volume changes of water, oil and 
solids as caused by the decrease of both tem- 
perature and overburden weight. His con- 
clusion was that normal pressures will always 
remain normal if a formation is lifted to a 
higher level, provided that the geothermal 
gradient is not lower than 0.85° F per 100 ft. 
As the average gradient is 1.6° F per 100 ft, 
the chances for the actual occurrence of fossil 
pressures would seem rather remote. 


Connection with gas reservoirs at greater 
depth (V) 

This hypothesis has been advanced more 
"particularly to explain the abnormal pressures 
in Iranian fields. 

The section drilled largely consists of lime- 
stones, whilst the reservoir limes are very 
thick. It seems diffieult here to believe in 
compaction and in isolated reservoirs. Lees 
supposes that gas migrating from deeper re- 
servoirs of normal pressure shows up in the 
higher levels under (at that depth) abnormal 
pressure. 

In fissured limestone rocks such things 
might not be impossible. In our opinion under 
such conditions the whole limestone complex 
could be considered as one huge reservoir and 
the case would not be essentially different 
from that to be dealt with sub VII below. 
Depolymerisation of hydrocarbons (VI) 

Chaney (1949) suggests that progressive 
degradation and polymerisation of oil and gas 
in a closed reservoir will result in an increased 
fluid volume and consequently in abnormal 
pressures, up to the equivalent of overburden 
pressure. Still further expansion would lead 


to an extension of the reservoir space either 
by decompaction and lifting of the overburden, 


or by the formation of fissures, or possibly by 


both reactions. 

An objection to this hypothesis-is provided 
by the fact that many abnormal pressure 
zones in the Gulf Coast region contain salt- 
water only, with at best a little gas in solution, 
and this cannot possibly be explained by ex- 
pansion of hydrocarbons. 

Moreover Iling (1938) strongly doubts 
whether changes in the chemical composition 
of oil and gas are probable to proceed into so 
late a stage of the geological processes. To 
this objection we may add that Chaney’s pre- 
sumption: increase of volume under conditions 
of increasing external pressure, is contrary to 
the rule of Le Chatelier-Van ’t Hoff stating 
that, normally, higher pressures will promote 
reactions tending to a reduction of volume. 

Chaney’s hypothesis therefore seems rather 
improbable. 


Different density of oil (gas) and water (VII) 


At the level of the watertable the pressure 
will be normal, whilst towards the top of the 


structure the pressures in the oil- or gaszone 


will always be somewhat higher as a result 
of the lower weight of the oil or gas column. 

In some structures — e.g. very highly folded 
anticlines — the watertable may be found 
vey deeply below the top of the structure. In 
some Iranian fields the reservoir pressure thus 
may be 75% above normal at the oil-gas 
boundary, and in the top of the gascap up to 
100% higher. Even pressures equalling that 
caused by overburdenweight have been re- 
ported from that area, and some seepages 
occurring there are explained by the over- 
burden having been lifted and broken by the 
excess pressure. 

These phenomena are a natural result of 
structural conditions and, in fact, are normal 
in any oil- or gasbearing structure. Only such 
extreme cases as reported by Colvill (1937) 
for Iran and by Dickinson are quite except- 
ional. 


Summary 


In summary, several theories have been 
advanced, some of which appear more and 
others less probable. 

In making a selection one should realize that 
it is not at all necessary that all facts should 
fit one and the same theory and that only this 
theory is the right one. It would seem rather 
more probable that the causes of abnormal 
pressures differ from case to case and that 
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occasionally the deviation from normal hy- 
drostatic equilibrium may even be the result 
of several causes operating in cooperation. 


4. TECHNICS AND PRECAUTIONS FOR 
DRILLING ABNORMALLY PRESSURED 
RESERVOIRS 

General 
- Protection of a borehole against the risks 
involved in drilling high pressure formations is 
_ afforded by: 
(a) use of sufficiently weighted drilling fluids; 
(b) application of back pressure; 
; (c) a properly adjusted casing programme. 
Normally pressured reservoir formations 
_ may be safely controlled by mud densities 
- between 1.1 and 1.4, but when abnormal press- 
ures are encountered, which may run up to 
- 90% or possibly more of the petrostatic limit, 
special measures are required. When the high 
"pressure reservoir contains gas, conditions 
may grow even more serious. 
In the early days, when the nature and 

_ danger of excessive pressures were not yew 
sufficiently appreciated, serious blow-outs and 
resulting damages have often occurred. These 
latter are now exceptional, but great care and, 
more particularly, a rigid control of the 
drilling fluid properties, are still a primary 
requirement. 


Application of heavily weighted drilling 
fluids (a) 

High reservoir pressures are usually kept 
in check by the application of drilling muds 
that have been weighted with barytes up to a 
spec. gravity of 1.8—2.2. This corresponds to 
a pressure gradient of 0.78—0.95 psi/ft. The 
weight of a 2.0—2.2 mud column approaches 
that of the overburden and therefore should 
prove sufficient. Moreover, muds heavier than 
s.g. 2.2 are usually hard to keep in pumpable 
condition. 

As a result of the dynamic pressure applied 
to keep the fluid in circulation the actual 
backpressure exerted on the formation will 
usually be higher than that provided by the 
weight of the static fluid column. On top of 
this, irregular pressures may incidentally be 
added, caused e.g. by a rapid descent of the 
tools in the hole and aggravated by clogged 
or balled-up bits, etc. 

A serious complication thus may result, viz. 
loss of the heavy fluid in the formation. 

This type of lost circulation is quite different 
from that occasionally occurring under con- 
ditions of normal pressure and lower mud 
weight. The latter is essentially a filtration 
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problem caused by extreme permeability 
conditions of the rocks (gravel, fissured lime- 
stone, etc.) and it can be cured by addition of 
coarse, pore-blocking materials. 

High-pressure losses, on the other hand, will 
occur when the pressure in the fluid column 
passes the safe limit and they usually 
manifest themselves by a sudden and complete 
loss of eirculation. A partial loss seldom 
happens under these conditions which, clearly, 
should not be seen as a filtration problem. 

The excessive column pressure causes strains 
in the surrounding rock that will easily ex- 
ceed its natural strength and thereby give rise 
to the formation of fissures which keep taking 
fluid as long as the pressure is in excess of 
that caused by the overburden weight. The 
strength of the rocks affords little protection 
against fissuring under these conditions: ac- 
cording to Chaney (1949) the maximum shear 
strength of average sediments is not over 
500 psi. 

Evidently therefore, the mud pressure should 
be kept sufficiently high but at the same 
time rigidly controlled to prevent any excess 
above a permissible limit. In order to achieve 
this latter the spec. gravity of the mud 
should be carried only slightly above that 
required by the existing reservoir pressure 
and, more particularly, circulation pressure 
and any additional pressure effects should be 
thoroughly watched. In practice this involves 
application of properly adapted sizes of drilling 
string, close supervision of pump action and, 
more particularly, of rheological and plastering 
properties of the drilling fluid. In making 
roundtrips too high running speeds should be 
avoided. 

The margin allowed for the spec. gravity of 
the mud between blow-out and complete loss 
of circulation in some cases was found to be 
as small as 0.03—0.05 kg/liter (2—3 Ibs/cu ft). 


Application of back-pressure 
("pressure drilling”) (b) 

In this method, which has more particularly 
been applied in India (Keep and Ward, 1934), 
a large external pressure is kept on the mud 
system so that muds of lower density can 
safely be used (spec. grav. 1.4—1.5 kg/l). 

The special equipment required is rather 
complicated, however, and correspondingly 
expensive. Another drawback is that too high 
pressure is easily applied against the shallow 
formations, thus causing loss of circulation by 
squeeze action and failure of casing seats. 


Casing programme (c) 
When reservoir pressures approaching pe- 
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trostatic values result in a blowout, partic- 
ularly of a gassand, the depth of the lower- 
most cemented casing string in the well clearly 
is of paramount importance. 

Before entering a zone of abnormal press- 
ures below a long section of open hole it is 
therefore advisable to cement an extra string 
of casing above it and to make sure of a first 
class cementation. 

In an unknown exploration area it is always 
unsafe to carry too long a section of open hole, 
particularly when the section preponderantly 
consists of shales or rocksalt. 
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jinen, tunnels en dergelijke werk- 
2n, waar geenelectriciteit beschik- 
is. 
amp geeft uitstekende lichtsprei- 
is handig en robuust, werkt zon- 
batterijen en is voorzien van een 
stor. 

Het effect bedraagt 

150 Watt bij 12 Volt. 


omen gas- en explosieveilig 


Zweeds kwaliteits-product van 
Atlas -Diesel 


Neder'and en Overz. Rijksdelen in de 
handel gebracht door: 


N.V. HOLLAND-ATLAS. 
us 6056 - Rotterdam - Tel. 35191 


EERLEN, AFDELING MIJNBOUW 
IRSINGEL 25 - TELEFOON 5544 


De "SYMONS PATENT ROD DECK 
SCREEN” is een klasseerzeef met groot 
nuttig effect. Het zeefoppervlak wordt ge- 


vormd door staven van verenstaal in plaats 


van het gebruikelijke zeefgaas of de geper- 
foreerde plaat. Bij zeer grote toevoer van 
nat of droog materiaal kan een buitenge- 


wone capaciteit worden bereikt. 


Door de lange levensduur van de stalen 
staven ziin de onderhoudskosten van het 
zeefvlak bijzonder laag, waardoor ook de 
zeefkosten per ton miniem zijn. 


SYMONS ZEVEN 
> Die NORDBERG 


HEAD OFFICE: MILWAUKEE, MANUFACTURING COMPANY 
WISCONSIN. U.S.A. 19 CURZON STREET, LONDON. W. 1. ENGLAND 
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H.R. SMITH N.V. 


KEIZERSGRACHT 520 - A'DAM - TEL.42012-41801 


Metaalgelijkrichtereenheden 


Agente en verlegenwoordigster 


WESTINGHOUSE 


BRAKE AND SIGNAL COMP, LID. 


steeds 
gaarne 
tot uw 
dienst 


voor alle doeleinden 


Licentie voor Nederland, Indonesi& en Overzeese Rijksdelen 


DELTA POMPEN 


SPECIAALPOMPEN - SERIEPOMPEN „- VACUUMPOMPEN 
Pompenfabriek „DELTA” N.V. - Tel. 4247 - HENGELO (O) 


HAZEMAG Komplette Bergebrechanlage auf 
dem Ausstellungsstand, bestehend 
aus Aufgabeband, Vorsieb, HA- 
ZEMAG-Prallmühle, Abzugs- 
band, Nachsieb- und Entstau- 
bungsanlage. Leistung ca. 70t/h. 


Ideales 
Blasversatzgut 
wirtschaftlich 

gewinnen - 


Auch Brechen und Verblasen vor Ort 


Erstmalig zeigten wir auf unserm Stand auf der Deutschen Bergbau-Aus- 
stellung in Essen die vielbeachteten Einrichtungen zur technisch und wirt- | 
schaftlich vorteilhaften Lösung der Versatzprobleme: 1. die komplette 
Bergebrechanlage mit der HAZEMAG-Prallmühle (Bauart Andreas), wie 
sie praktisch im Untertagebetrieb errichtet wird, 2. als Neuerung die An- 
lage für den autochthonen Blasversatz mit der HAZEMAG-Prallmühle, also 
für das Brechen und Verblasen vor Ort. 


Bei der Bergezerkleinerung ergibt sich ein kubisches Korn (ohne gefürch- 
tete Fische). Die HAZEMAG-Prallmühle ist an Höhe und Grundfläche er- 
staunlich klein, kann einfach und leicht eingebaut werden, erfordert wenig 
Raum und keine besonderen Fundamente. 


Verlangen Sie unverbindlich die Druckschriften und Ingenieurberatung. 


Spezial-vor-Ort-Prallmühlefür den autochtho; 
versatz mit direkt angeschlossener Blaskanc 
mit separat aufgestellter Blasversatzmaschi 
bunden mit kurzem Aufgabeband. 


HAZEMAG Hartzerkleinerungs- und Zementmaschinenbau-Ges.m.b.H. - MÜNSTER (Westtf.), Postf 
Andechs hei be eK a a a a en arn l N 
Vertegenwoordigers: MERREM & LA PORTE N.V., Keizersgracht 473-479, AMSTERDAM-C 


DENSO '::::" 
met inlage van 
Ä polyaethyleen 


(GEPATENTEERD) 


EEN COMBINATIE VAN OUD EN NIEUW 


De bescherming van zwavelzuurtanks, condensleidingen, ammoniakleidingen, jzerconstructies 
in cokesfabrieken enz. enz. 


IMBEMA N.V. — HAARLEM -— TELEFOON K 2500-17510 


2 I 


N.V.MACHINEFABRIEK i = 5 
FRANS SMULDERS N.V,VE REENIGDE 
 TOUWEABRIEKEN\ 


CROESELAAN 20 Kiag.1Teirh; | | 
DPEWORKS) / 


Vabtnaktig | 


houten modellen 
voor gietwerk 


ijzer- en metaalgietwerk 
ruw en bewerkt 


* 


„AUNg 


ROTTERDAM 


ee I Te 


nah 


IRRE ERGEBEN BEER Rn SE BAREE ee nn 


Afdeling: 


Staaldraad ee 


nee 1 


's.Gravenweg 264 - Telefoon 114060 


WERF i.s. FIGEE 


R. 
T STARLCONSTRUCHTES 


C PLJPLEIDINGWER 
TANKBOUW 
APPARATENBOUW 
- DRAAI- EN FRAISWERK 


VLAARDINGEN 


ATELIERS DE CONSTRUCTIONS MECANIQUES 
A. COLINET S.A. | 


LE ROEULX (Belgique) 


Telephone: Le Roeulx 63 - La Louviere 221.96-220.18 - Adresse telgr.: Colcroix --Le Roeulx 
PROGRAMME DE FABRICATION 


ABATAGE 


Marteaux piqueurs 
Marteaux iss baisn 
Marteaux böches 
Aiguilles et autres outils 


PERFORATION 


Marteaux perforateurs 
Bequilles pneumatiques 
Tetes de rincage 
Capteurs de poussieres 
Foreuses pneumatiques 
Jumbo - Fleurets - Taillants 
en metal dur - Affüteuse 
de taillants en metal dur 
Affutsverticalethorizontal 


CHARGEMENT 


Tasseuss pneumatiques 
pour wagonnets 


TRANSPORT 


Installations completes de 
bandes transporteuses 
Rouleaux pour transpor- 
teurs 

Moteurs pneumatiques 


SOUTENEMENT 


Etancons metalliques & 
hauteurs reglables 

Treuil & main pour arra- 
chage des &tancons 


TUYAUTERIES 


Tous accessoires pour air 
comprime eteau. Raccords 
rapides drotule avec joints 
auto-&tanches «SUPPLEX» 
Robinets - Soupapes auto- 


matiques, busettes, ecrous 
a ailettes - Carcans, nip- 
ples, robinets d passage 
direct etc..... 


BETON 


Vibrateurs pneumatiques 
a beton i 


DIVERS 


Toutes pieces mecaniques 
de haute precision exige- 
ant des matieres de qua- 
lite, du traitement ther- 
mique (cementation et 
trempe), delarectification, 
rodage - Meuleuses pneu- 
matiques dä main pour 
ajusteurs - Pieces de locos 
Diesel - Pieces de Panzer 


POPEPYPPTY POrDERT 


ET pe 


> 
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Transformatoren 


met luchtkoeling, drukvaste- 
miingasveilige constructie. 


Explosieveilige motoren 
gelast huis, geheel gesloten, 
met buitenkoeling, wentel- 
lagers,speciaal kortsluitanker 


AEG Electrische 


vitrustingen 
voor 
mijnbedrijven 


N.V. ELECTRICITEITS MAATSCHAPPN AEG 
Frederiksplein 26 - Amsterdam-C. - Telefoon 45212 (6 liinen) 


ALLE CORRESPONDENTIE BETREFFENDE ADVERTENTIES, ABONNEM 
; ENTEN E.D. 
AAN: G. A. TIESING, VOGELKERSSTRAAT 48, DEN HAAG, TELEFOON 334141 


